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I4JLK*MON P(QSRUTVM	WLXZY[\T^]B_N*[`]bac[\T^MOTZdeYf[eTV]b_
g N dihcdi[eKMjNkd#l]BMjaX^N*mUNkd
npoe]bqrN[#TZd\s
t`Yfaau]Boi[ g N o\NlvJLNo\lvJN_	wbxbPyz{Q QSsbs	aYf|BNd
}~,*LfB I4JLNJYfX^deYbMjaX^NMON[\JL] g JuYbd49N*N*_TV_B[\oe] g WulN g UhR;[\N*aLJN*_d iy;fzBp]bo4[\Ndi[eTV_L|OaYfovYfMON[\oeTZlMj] g NXVd
]f g TVdi[eo\TVLWc[eTV]b_	WL_l[eTV]b_d_	[eJLTZd"aYfa9N*okNaLo\NdeN*_;["YdeT^MOTVXVYboMON[\JL] g ]Bo[\Ndi[eTV_L|`[\JLN4|b]U] g _LNkdedi@]b[]fXVTV_LNYbo]Bo
_L]B_LX^TV_LNkYfoo\N*|bo\Nd\deT^]B_/]bopYbWc[e]BoeN|bo\Nd\diTV]b_WL_ul.[eTV]b_ud,]boaYbo\YbMON[eo\TZlMO] g N*XZd]b9]Bo g No4bfWL_ g N*opMOTV_LTVMOYbXdi[\Y[\T^]B_Yfo\T^[rh
Yf_ g Noe|B] g TVl*T[rhYbd\deWLMOac[eTV]b_djWLo aoe]clN g WLo\N	TZdYbdeN g ]b_YMONkYbdeWLoeN(]fD[eJLNlWM	WLXZY[\N gg N* UTZY[eTV]b_{aLo\]Ul*Nd\d¢¡£¥¤
9N[rN*N*_¦YN*TV|bJ;[eN g MOYboe§BN g aLo\]Ul*Nd\d]f4oeNkdiT g WYbXVd Yb_ g YaYfovYfMON*[eo\TVljNdi[eTVMY[\]bo/]bD[\JLN1lWM	WLXZY[\N g l]B_ g T^[eTV]b_YbX
MONYb_¨WL_ul.[eTV]b_©T@ NbplWM	WLXZY[\N g oeN|bo\Nd\diTV]b_¦]BoOYbWc[e]BoeN|bo\Nd\diTV]b_WL_ul.[eTV]b_9.WL_ g NoO[eJLN_UWLXVX#J;hUa9]f[\JLNdeTVdOªO«f­¬N
Ndi[\YbLXVTVdeJ®Y¯WL_l[eTV]b_YbX¥XVT^MOT^[[eJLN]bo\N*M°WL_ g NoªO«]boY¦ Yfo\TVYb_B[±¡£²³k´¤ `µ·¶¹¸»º¼b4]f[\JLN½aLo\]clNd\d¾¡£¤ ©I4JN
JYbXdeYbMOaLX^N1MjN*[eJL] g l]bo\o\Ndeau]B_ g d[e]¯¸­¿ÀÁfÂL½¬{NdiJ]Ã[\JY[([eJLNX^TVMOT[\T^_| g TZdi[eo\T^LWL[eTV]b_Ä]b ¡£ ²Å\ÆiÇv´¤ WL_ g N*oOª «
[\Yb§bNkd¥Y BN*o\hdeT^MOaLXVN/]BoeMRcN* bNo\YbXÈNYBdiTVXVhTVMOaLX^NMON*_;[eN g |b]U] g _LNkdedi@]b[#[eNdi[\dl*Yb_½9N	YBdiN g ]b_[\JLTVdo\NdeWLX[k`¬N
aLo\] UT g NdeT^MOaLXVN l]b_ g T[\T^]B_d4WL_ g N*o##JLTZlvJ1[\JLN*TVo#a9]DNo4l*]b_U bNoe|BNd[e]yYbd[eJNd\YfMOaLXVN diTVÉ*N|B];NkdD[e]1Ê®pË"TV_YfXVXVhbcN
TV_; BNdi[eTV|BYf[eN[eJLN/YBdihUMOac[e]b[eTZluNJYÌ UT^]Bo]b ¡£ ²³k´¤ YBd4ÍÎÏÊ°W_ g N*o`deNÐ;WLN_lNkd4]fÑjÒHÍ,Ó Å\ÆeÇÌÔ XV]cl*YbXÈYfX^[eN*o\_Yf[eTV bNd,I4JLTVd
YfXVXV]`dDWud4[e]l]BMOaYfo\N¥[\JLN/l]Boeo\Ndea9]b_ g TV_L|jX^]clYfX$a9]DNo\d]f[eNkdr[vd#YbdeN g ]b_Õ¡£ ²HÅeÆeÇv´¤ Yb_ g ]b_Õ¡£ ²Åe´¤ 
Ö×;ØFÙeÚ	Û ÜBÞÝ WL[e]bo\N*|BoeNkdedeTV]b_Äß,t#N*|BoeNkdedeTV]b_Äßà]U] g _LNd\drá]f@L[Oß,âD]B_ g T^[eTV]b_YbXMjNkYf_¯deÐ;WYboeNkd	ß"ãpo\|b] g TZlßä¥YbX
d\YfMOaLXVNjß9R;[\Yf[eTV]b_YboehßåæYfoe[eTV_L|BYbX^N g T^ç9NoeN_lN Yfo\ovYÌhßLè`]b_X^TV_LNYbo ßè`]B_LaYbo\YbMjN*[eo\TVl(ßLéÈ]clYfX$a9]DNo ßuâD]b_;[eTV|bWLT^[rhb
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Téléphone : 04 76 61 52 00 - International: +33 4 76 61 52 00
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[eJ] g N g W g NMjT^lvJYb_B[\T^XVXV]b_{Y[(TV_;[eo\] g WLT^[eNjaYfo/R;[\N*aLJLN_dOryk;z;#a9]bWLo[\Ndi[eN*o g NkdMj] g KX^Nkd
auYfovYfM[\oeTZÐ;WLNd g N g TZdr[\oeTVLWc[\T^]B_d*Yb_dlN*[ Yboi[\TVl*X^NBÈ_L]BWdaLokdiN_;[e]b_ud¥N*[*[eW g T^]B_dWL_LNOM[\JL] g NYf_YbX^]B|bWLN(au]BWLo
[\Ndi[eNoX Y g Ð;WYf[eTV]b_ g N	]b_l[eTV]b_d g Njo|bo\Nd\diTV]b_N[ g  YfWc[\]bo*|BoeNkdedeT^]B_ g  ]Bo g o\NBFde]bWud g Nkd¥JUhUau]b[eJLKkdiNkd¥MOTV_LTVMOYbX^Nkd
g N(di[\Y[\T^]B_L_YboeT^[ N*[ g  N*o\|b] g TZlT^[B`è`]BWd¥WL[eTVX^TZdi]B_dX^N/aoe]clNkdedeWd¡£¥¤ $Ð;WLT"l*WLM	WX^N(X^Nkd g T^çoeN_lNkd¥N_;[eo\N/X^Nkd¥odeT g Wd
N*[jW_ Nkdr[\T^MY[\N*WLojaYbo\YbM*[eo\TVÐ;WLN g NXVYæ]b_l[eTV]b_ g NMj]hBN*_L_Nl]B_ g T^[eTV]b_L_N*XVX^NBlNklT#di]BWd(X JUh;a9]f[\JLKdeN_;WX^XVNªO«B
è¥]bWd[\YbLXVTVd\di]B_d XZYX^]BTpXVT^MOT^[eNde]bWud ªj« g  W_LN Yfo\TVYb_;[eN ¡£²H³´¤ ,µ¯¶2¸3º B g Waoe]clNkdedeWd ¡£¤ éYM[\JL] g N g W
g N*MOTlvJuYf_;[eTVX^XV]b_l*]bo\oeNkdia9]b_ g YfWlYbd¸¿ÃÌÁbÂcè`]bWud`MO]b_;[eo\]b_ud#ÐBWN/XVYX^]BTÈX^TVMOT[\N g N ¡£ ²Å\ÆeÇ\´¤ de]bWd`ª « Y g MON[WL_LN
]BoeMONoeNMOYbo\Ð;WYbLXVN*MON*_;[DdeT^MOaLXVNbNdD[\Ndi[\dDHYbl*T^XVNd! 	TVMOaLX"*MON*_;[eNoDa9N*W bN*_;[#YfXV]bovd$#*[eo\N¥N_; UTZdeYb|%kd*"è`]bWud&*[eW g T^]B_d
g Ndl]B_ g T^[eTV]b_dOdeW('deYb_;[eNdja9]bWLoÐ;WLNXVN*WLoOaLWTVd\deYb_lN[eN_ g N BN*ovdÐ;WYf_ g XZY{[\YfTVXVX^N g NX klvJYf_;[eTVXVX^]B_Ä[eN_ g  bN*ovd
X T^_cu_LTDãp_c__L]BWd#_L]BWd#TV_B[*o\Nd\di]B_d4YfWl]BMOau]Boi[\N*MON*_;[¥YbdehUMOac[e]b[eTZÐBWN g N»¡£ ²³k´¤ Ð;WYf_ g Í½ÎÏÊ di]BWd g Nd¥diWLT^[eNkd
g  YbX[\N*o\_Y[\T^ BNd,XV]UlYfXVNdN_ÑjÒHÍ,Ó ÅeÆeÇÔ âDNl*TL_L]BWdpa9N*o\MON[ g Nl]bMOaYboeNopXVNdaLWTVd\deYb_lNkdXV]UlYfXVNd g  WL_NlXZYbd\deN g N#[eNkdr[vd
deN*XV]b_Ð;W) T^XZd#di]B_;[#lYfXZlWLX"d* jaYboi[\T^o g NÃ¡£ ²Å\ÆiÇv´¤ ]bW g N»¡£ ²HÅi´¤ 
+ Û k Ù %,  ¹Ý Wc[\]bo*|bo\Nd\deT^]B_½ßt*|bo\Nd\diTV]b_{ß Ý#g Ð;WYf[eTV]b_ßå]BT^_ g oeNkd#l*Yfo\odl]b_ g T[\T^]B_L_LNXVd ßãpoe|B] g TVÐ;WLNOßN*MOT^
klvJYf_;[\T^XVX^]B_ßUR;[vY[\T^]B_L_YfTVo\NbßBI"YfX^NkYfW g N g Tç-*o\N*_l*N g N`MYfoe[eTV_L|;YfXVN ß;è¥]b_XVT^_.kYfTVoeN ßcè¥]b_aYbo\YbM*[eo\TVÐ;WLNß;npWLTZded\Yf_ulN
XV]cl*YbX^NOßuâD]b_;[\T^|BW./H[b
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I4JLN/JuYfX^ád\YfMOaLXVN/MON[\JL] g JYbd¥uNN*_½TV_;[eo\] g WlN g UhR;[\N*aLJN*_djryk;z;T^_[\JLN(l*]b_;[eN*mU[¥]f|b]U] g _LNkdediá]f@L[#[eNkdr[vd`]Bo
aYbo\YbMjN*[eo\TVl`Mj] g NXVd]b g TZdr[\oeTVLWc[\T^]B_WL_l[eTV]b_d,_[\JLTVd4auYfa9N*okBNaoeNkdiN_B[4Y/_LN JYbXdeYbMOaLX^NMON[eJ] g ]boD[eNkdr[\T^_|
[eJN¥|b]U] g _LNkdediá]f@L[]f$X^TV_LNkYfo]Bop_L]B_LX^TV_LNkYfopo\N*|BoeNkdedeT^]B_(]BoDYbWc[e]BoeN|bo\Nd\diTV]b_	WL_l.[\T^]B_d]BoaYbo\YbMON[eo\TZl4JL]bMO]Bd\lN g Ybdi[eTZl
MO] g N*XZd`]b,]Bo g N*o/BD¬N(l*]b_deT g N*o`9]f[\JaYfovYfMON[\oeTZlMO] g N*XZd`]b,o\N*|BoeNkdedeTV]b_1]Bo¥YfWL[e]bo\N*|BoeNkdedeTV]b_W_l.[\T^]B_d`]Bo`#JLTZlvJ
[eJN oeNkdia9]b_deN ÌYboeTZYfX^Nkd=<>D]bo@?3>*A Å Yfo\NoeNXVYf[eN g [e]3?3>Uh1Yjo\N*XZY[\T^]B_]b[eJN]bo\M
< > ¿CBÃÒ*? >DE ÔFHGI > ]bo ? >*A Å ¿CBÃÒ*? >DE ÔFHGI >*A ÅJ ryB^yÌ
#JLNoeNLK?3>(MjTZddr[vY[eTV]b_uYfo\hYb_ g Noe|B] g TVlb ¬{Nj#T^XVX,]cl*l*YBdiTV]b_uYfXVX^h g N_L]f[\N2BÒ7N DE Ô ¿OBQP/¬N g ]1_L]b[YBdedeWLMON([eJYf[
[eJNdeNÐ;WLN_lN2KBÒR?> J I > Ô MOH]boSKBÒR?> J I >*A Å Ô M;UoeNkdia9Nl[eTV bN*XVhLpTZd4dr[vY[\T^]B_Yfo\hYf_ g N*o\|b] g TZlf,I4JLNoe - d I >pYfo\NjÒ#TU>WV5XWY  Ô MYfoe[eTV_L|BYbX^N g T^ç9NoeN_lNkd4#T[\Jl]b_ g T[\T^]B_YfX$ YboeTZYf_l*NObcT@ NB
Z3Ò I >![ T > Ó Å Ô ¿±µ Yf_ g Z]\ I Ç>U^^ T > Ó Å_ ¿ ryB sB
]boYfXVXXWY b#T[\J2T9«¿ G ÒR? Å Ô H]bo`T9«¥¿ G Ò*?« Ô $Yf_ g TU>p¿ G ÒR? Å J I Å JaaaJ ?3> J I > J ?3>*A Å Ô ]Bo`TU>,¿ G Ò*?« J I Å JaaaJ I > Ô .XbY>BcoeNkdia9Nl[eTV bN*XVhbLYb_ g Ò#T > V5XWY  Ô [eJN/l]bo\o\Ndeau]B_ g TV_L|	uX[\o\Yf[eTV]b_È
¬N#TZdeJ¨[\]{[\Ndi[[eJLN|B];] g _Nd\drá]f@L[O]fMO] g NXVdO]b¥[eJN]BoeM rybVyk3_¨[\JLTVddeT^[eWYf[eTV]b_ÈD[eJLN_UWLXVX`JUhUau]b[eJLN*
deTVdjª « YBdedeN*oe[\d/[eJYf[	[eJN1[\oeWLNl]B_ g T^[eTV]b_YbXDMONYb_¦WL_l[eTV]b_­Ybl.[\WYfXVXVh9N*XV]b_|Bd	[e]{de]bMONaYfovYfMON[\oeTZlMO] g N*X@c ¿KB P V E3dfe Mb{åæYf_Uh{auYfa9N*ovd/JYÌ BNuNN*_ g N b]b[eN g [e][\JLTVdjÐ;WLNdi[eTV]b_>HdeN*Nb,NB |u^pR;[\Wc[eNYf_ g à]B_LÉgbX^NÉ1å½Yb_B[\N*TV|BY
yB5hYf_ g o\NNoeN_lNkd[eJN*o\N*TV_È"Yb_ gji WL9N*okyb8hLpykbUUÈ]Bo	YdeWLoe BN*hL.ä`NoeNBNO]clWd	]b_¯[\Ndi[eTV_L|aLo\]Ul*N g WoeNkd
YBdiN g ]B_de]bMONMONYbdeWLo\N]f[\JLN g N ;TZY[\T^]B_aoe]clNkded
¡£ ¤ Ò*k Ô ¿°Í Ó ÅeÆeÇ
¤l >*m Å
n < >+o BÒ*? >D ¡E ¤ Ô prq ÒR? > ºjk Ô J k dQs J ryB x;
#JLNoeN ¡E ¤ TZd¥de]bMON	di[eo\]b_L|BX^hl]b_udiTZdr[\N*_;[`Ndi[eTVMY[\N	]f,[\JLN [eo\WLN/auYfovYfMON[\N*o E« W_ g N*oª « ¥RUWlvJ½l*WLM	WXVYf[eN g MYboe§BN g
o\NdeT g WuYfXUaLo\]Ul*Nd\diNkdl*]b_U bNoe|BNTV_ g TVdi[eo\T^Wc[eTV]b_([e]/àYfWudedeTVYb_	aLo\]clNkdedeNd g N*o\TV bN g oe]BMutoe]#_LTZYf_(MO]f[eTV]b__Ol]b_;[\o\YBdr[k
Yf_uYfXV]b|b]BWd9aLo\]Ul*Nd\diNkd$YBdiN g ]B_X^]cl*YbXf_L]B_LaYfovYfMON*[eo\TVl,Nkdr[\T^MY[\]bovdF]fU[eJNpoeN|bo\Nd\diTV]b_]boYbWc[e]BoeN|bo\Nd\diTV]b_¥WL_l[eTV]b_NB |u^
_LNkYfo\Ndi[,_N*TV|bJUu]Bo\d"Nkdr[\T^MY[\]bovd"T^_R;[\Wc[eN`Yb_ g à]B_LÉgbX^N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Unit é de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
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